of AAVs within the eye, specifically their tendency to cause inflammatory responses at high doses, limiting their ability to be repeatedly injected [20] [21] [22] [23] [24] [25] .
Lipid-based transfection agents have been explored as a potentially safer alternative to viral vectors due to the ease of their production and low toxicity (reviewed in [10] ). Many efforts in the past decade have gone into improving transfection efficiency of lipid-based formulations with limited toxicity [26] . Lipid-based nanosystems, including solid lipid nanoparticles and liposomes, have been shown to be efficient carriers of siRNA to the retina to manage retinal diseases [14] . Invivofectamine 3.0 (Thermo Fisher Scientific, Waltham, MA) was developed as a lipid-based carrier for in vivo work to enhance delivery to the target tissue while minimizing unwanted cytotoxicity within the tissue. Previous studies have demonstrated the use of Invivofectamine as a mode of delivery to the retina [27, 28] , where the difficulties of reduced transfection efficiency due to the inner limiting membrane (ILM) were overcome [29, 30] .
In this study, we demonstrate the efficacy of Invivofectamine 3.0 as a carrier for siRNA into the retina. The results indicate that the use of Invivofectamine 3.0 lipid-based transfection is a quick, low-toxicity, and efficient method for retinal transfection of small nucleic acids with minimal to no toxicity or negative effects on retinal function, inflammation, or cell death. This is a simple method for modulating and controlling dysregulated gene expression using siRNA in rodent animal models.
METHODS

Animals:
All animal procedures were conducted in accordance with the Association for Research in Vision and Ophthalmology (ARVO) Statement for the Use of Animals in Ophthalmic and Vision Research, as well as the Australian National University (ANU) Animal Experimentation Ethics Committee (Protocol Number: A2014/56, A2017/41). Adult albino Sprague-Dawley (SD) rats age between 90 and 120 days and C57BL/6J mice age between 60 and 90 days were used for all experiments. The animals were born and raised in a 12 h:12 h light-dark cycle in dim light conditions (5 lux) . Atropine sulfate 1% w/v eye drops (Bausch and Lomb, Sydney, Australia) were used to dilate pupils during photooxidative damage in mice and before intravitreal injections. Ketamine (100 mg/kg; Troy Laboratories, Glendenning, Australia) and xylazil (12 mg/kg; Troy Laboratories) were used to anesthetize animals before the intravitreal injections, electroretinography (ERG), and optical coherence tomography (OCT) were performed.
Preparation of encapsulated small nucleic acids with Invivofectamine 3.0: The procedure for the preparation of siRNAs is outlined in Figure 1 . SiRNAs were encapsulated using Invivofectamine 3.0, a cationic liposome-based formulation according to the manufacturer's instructions (Thermo Fisher Scientific) with some modifications. The SiRNAs used in this study are listed in Table 1 . The following equates to the protocol used for siRNA with a molecular weight of 13,000 g/mol:
Equal volumes of siRNA (diluted to 2.4 μg/μl in nuclease-free water) and complexation buffer were mixed. The siRNA:complexation buffer solution was then mixed in a 1:1 ratio with the Invivofectamine 3.0 formulation warmed to room temperature. The mixture was then incubated for 30 min at 50 °C. Following the incubation step, the mixture was diluted 15-fold in 0.1 M sterile, endotoxinfree UltraPure PBS (Thermo Fisher Scientific, Waltham, MA). Diafiltration was conducted using an Amicon Ultra-4 Centrifugal Filter Unit (Merck Millipore, Burlington, MA) to purify the siRNA:Invivofectamine 3.0 complexes. The siRNA:Invivofectamine 3.0 complex was added to the filter column and spun at 4,000 ×g for approximately 1 h to purify and concentrate the solution to 2 μg/μl. The concentrated complex was then diluted with sterile 0.1 M PBS, so that each siRNA complex was encapsulated at a final concentration of 0.33 μg/μl in sterile PBS unless stated otherwise. The concentrations of siRNA used were based on previously published studies [27, 28] .
Preparation of encapsulated small nucleic acids with in vivo-jetPEI ® : Silencer™ FAM-labeled GAPDH siRNA (Thermo Fisher Scientific) was reconstituted in nuclease-free water at a stock concentration of 4 μg/μl and diluted in 10% glucose solution in nuclease-free water. The in vivo-jetPEI ® (Polyplus transfection, Illkirch, France) transfection reagent was prepared in 10% glucose solution in nuclease-free water and used at an nitrogen/nucleic acid phosphate (N/P) ratio of 7 (0.14 μl of transfection reagent per 1 μg of GAPDH siRNA). Equal volumes of the siRNA solution and the in vivo-jetPEI ® solution were mixed and incubated at room temperature for 15 min to achieve complexation. The maximum concentration of nucleic acid that could be encapsulated was 0.5 μg of Gapdh siRNA which was delivered intravitreally at a final glucose concentration of 5%.
Intravitreal injections: Intravitreal injections were performed as outlined schematically in Figure 1 and Figure 2 . Animals were anesthetized using an intraperitoneal injection of ketamine (100 mg/kg) and xylazil (12 mg/kg). A pupil dilator (tropicamide 0.5% w/v eye drops; Bausch and Lomb) was administered to the ocular surface of each eye (Figure 2A ).
A string loop was tied around the eye to allow for easier access to the injection site ( Figure 2B ). The injection site was swabbed with 5% povidone iodine (Betadine, Mundipharma, Sydney, Australia) before the injection ( Figure 2C ). siRNA:Invivofectamine 3.0 complexes were injected intravitreally into the rodent eyes with the aid of a stereo microscope (M125; Leica Microsystems, Wetzlar, Germany). A 30-gauge needle was first used to make a punch incision, 0.5 mm posterior to the temporal limbus. A 10 μl NanoFil syringe with an attached 34 gauge NanoFil needle (World Precision Instruments, Sarasota, FL) was then inserted through the incision, angled toward the optic nerve ( Figure 2D -F). Three microliters of the complex was injected into each rat eye at a concentration of 0.33 μg/μl, and 1 μl into each mouse eye at a concentration of 1 μg/μl ( Figure 2G ). The cloudiness of Invivofectamine 3.0 was visible through the animal eye This solution was incubated for 30 min at 50 °C. The solution was diluted in PBS and then spun down in a filter column to the correct concentration, which then was ready for injection. B: The animals were anesthetized and their pupils dilated with atropine sulfate. The eye was then drawn forward with a string loop. Betadine iodine was swabbed on the injection site before insertion of the pilot hole with a 30-gauge needle. The 34-gauge NanoFil syringe was then inserted and 3 μl (for rats) or 1 μl (for mice) of the solution injected. The injection process is described in more detail in Figure 2 .
( Figure 2G ,H). Animals were injected with positive siRNA ( Table 1 ), negative siRNA, or Invivofectamine 3.0 only. Two additional controls were used: PBS only and needle-stick only (a punch incision was made, and the 34G needle was inserted and removed without injection). Post-injection, the injection site was swapped with Chlorsig (Alcon, Fort Worth, TX) followed by administration of GenTeal eye gel (0.3% hydroxypropyl methylcellulose and 0.22% carbomer 980, Aspen Pharmacare, KwaZulu-Natal, South Africa), which hydrated the cornea until full recovery. The animals were put back into dim-reared conditions for 1, 3, 5, and 7 days before tissue collection. For photo-oxidative damage (PD), animals recovered after anesthesia before being placed into PD. Tissue was collected at the end of the PD time period.
Photo-oxidative damage: To induce retinal stress, we implemented a PD paradigm. The adult SD rats were placed in transparent Perspex open-top cages under a light source (COLD F2, 2×36W, IHF, Thorn Lighting, Spennymoor, United Kingdom) at 1,000 lux for 24 h, with access to food and water ad libitum [31] . The C57BL/6J mice were housed in custom-made Perspex boxes coated with a reflective interior, and exposed to 100 K lux of natural white light-emitting diode (LED) for up to 7 days, with free access to food and water [32] . Each animal was administered pupil dilator eye drops (atropine sulfate 1% w/v, Bausch and Lomb, Rochester, MN) twice daily during PD.
Tissue collection and processing: The animals were singly euthanized with CO 2 gas inhalation in a sealed cage.The superior surface of the eye was marked before extraction for orientation purposes. Whole eyes were injected and immersion fixed with 4% paraformaldehyde for 4 h at 4 °C and then processed as described previously [33, 34] . The eyes were sectioned in the parasagittal plane at a thickness of 16 μm and mounted on poly-L-lysine slides. Retinas were collected via a corneal incision for RNA extraction (further described in section "Quantitative real-time PCR").
Measurement of retinal function using ERG:
Full-field scotopic ERG was performed to assess the animals' retinal function after intravitreal injections as described previously [32] . ERG was performed using an LED-based system (FS-250A Enhanced Ganzfeld, Photometric Solutions International, Huntingdale, Australia). Briefly, mice were darkadapted overnight, anesthetized using an intraperitoneal injection of ketamine (100 mg/kg) and xylazil (12 mg/kg), and the pupils dilated with 1% w/v atropine sulfate (Bausch and Lomb). A single-or twin-flash paradigm over a stimulus intensity range of 6.3 log cd s m −2 (range −4.4 to 1.9 log cd s m −2 ) was used to elicit mixed (rod and cone) or isolated cone responses, respectively. Measurements of the cone a-wave and b-wave responses were performed using Lab Chart 8 (AD Instruments, Dunedin, New Zealand).
Optical coherence tomography: Spectralis OCT (Heidelberg Engineering, Heidelberg, Germany) was used to determine changes in retinal morphology. OCT and fundus images of the retina were analyzed using ImageJ software (National Institutes of Health, Bethesda, MD) as previously described [28] at 1 and 7 days post-injection. Animals were anaesthetized and restrained on a custom-made platform attached to the OCT machine. A rodent contact lens was placed on the eye (polymethylmethacrylate [PMMA] lenses, radius of curvature of the central optic zone of 2.70 mm and diameter of 5.20 mm, Cantor + Nissel, Brackley, UK). Fundus and cross-sectional images were taken from 0 to 3 mm superior to the optic nerve. Retinal thickness and outer nuclear layer (ONL) depth were measured in two OCT transects per retina in the region of interest (1-2 mm superior to the optic nerve), which is the location of focal retinal damage in rodents in PD [32] , with three points sampled across each image. The ONL thickness ratios were calculated as the ONL thickness relative to the distance between the outer limiting membrane (OLM) and the ILM. Fundus images of the area of interest (superior to the optic nerve) were taken to detect any retinal lesions.
TUNEL analysis of cell death:
TdT-mediated dUTP nick-end labeling (TUNEL) was used to quantify photoreceptor cell death in retinal cryosections, using a previously published protocol [35] with an In Situ Cell Death Detection Kit (Roche Diagnostics, Risch-Rotkreuz, Switzerland). TUNEL positive cells were counted in the ONL along the full length of the retinal sections cut on the superoinferior plane including the optic disc. The final counts for each experimental group were the average of at least four biological replicates counted at comparable locations in the retina.
Immunohistochemistry: Immunohistochemistry was performed on retinal cryosections according to previously described protocols, with minor modifications [36] . IBA1
(1:500, Wako, Osaka, Japan) and GFAP (1:500, Dako, Glostrup, Denmark) were used as primary antibodies, which were later conjugated to Alexa-488 or Streptavidin-594 (Thermo Fisher Scientific) as secondary antibodies. Fluorescence in sections was captured in Z-stacked form, using a laserscanning A1 + confocal microscope. Images were captured using the same gain settings and processed using Photoshop CS6 software (Adobe Systems, San Jose, CA). Immunolabeled IBA1 positive mononuclear phagocytes (microglia and macrophages) were quantified across the full length of each section in the parasagittal plane (superoinferior), with the total count per retinal section including inner and outer retinal microglia and macrophages.
Optical densitometry: Optical densitometry was used to determine relative fluorescence intensity and transfection efficiency of fluorescent Block-It siRNA. All sections were measured in three different locations in the same retinal region (superior, 2-3 mm from the optic nerve due to the larger rat retina [31] ). The measurements were taken from the whole retinal region from the ILM to the OLM. In addition, single layer measurements were taken from the ganglion cell layer (GCL), inner nuclear layer (INL), and ONL individually, in arbitrary fluorescence intensity units. All regions of interest were measured using the Nikon A1 + confocal microscope.
Quantitative real-time PCR: Total RNA was extracted from the retinal samples in microscale according to the manufacturer's protocol (RNAqueous Total Isolation Micro Kit, Thermo Fisher Scientific). The concentration and purity of the RNA samples were determined using an ND-1000 spectrophotometer (Thermo Fisher Scientific, Waltham, MA).
Only samples with a 260/280 ratio between 1.9 and 2.1 were considered for analysis. The RNA samples were stored at −80 °C indefinitely.
Following purification of RNA, cDNA was synthesized using a Tetro cDNA Synthesis Kit (Bioline, London, UK) according to the manufacturer's protocol. A 20 μl reaction mixture was used in conjunction with 1 μg RNA, 500 ng oligo(dT) primer, and 200 U reverse transcriptase. Gene expression was measured via qRT-PCT using TaqMan hydrolysis probes (Thermo Fisher Scientific), as shown in Table 2 . The TaqMan probes, cDNA, and TaqMan Gene Expression Master Mix (Thermo Fisher Scientific) were plated in a 384-well transparent plate, and amplification of each sample was performed in technical duplicate using a QuantStudio 12 K Flex real-time polymerase chain reaction (RT-PCR) machine (Thermo Fisher Scientific). Analysis was performed using the comparative cycle threshold method (ΔΔCt). The relative fold change was expressed as a percentage change compared to negative siRNA or PBS controls and normalized to two reference genes, Actβ and Hprt1 for when Gapdh was assayed in knockdown experiments, and Gapdh and Actβ for all others.
Statistics: All graphing and statistical analysis was performed using Prism 6 (GraphPad Software, San Diego, CA).
Statistically significant trends in time-course data sets were ascertained using a one-way or two-way ANOVA to determine statistical significance (p<0.05); Tukey's or Sidak's post hoc tests were applied where multiple statistical comparisons were required. An unpaired Student's t test was used for single comparisons. Figure  3E -H). The TUNEL assay showed that there was no discernible difference in TUNEL positive photoreceptor cells in the ONL of the Invivofectamine 3.0-injected and control animals ( Figure 3I-L) . Quantification of the total number of IBA1 labeled cells in each retinal section revealed no difference between any of the control animals and the Invivofectamine 3.0-injected animals ( Figure 3M, p>0 .05).
RESULTS
Inflammatory and cell death profile
A suite of retinal stress and inflammatory primers was run using quantitative real time polymerase chain reaction (qRT-PCR) to further investigate the retinal profile after Invivofectamine 3.0 injection. There were no statistically significant changes in the expression of the stress and inflammatory markers tested (Il-1β, Nox3, Fgf-2, Ccl4, Ccl17, Cxcl11, Edn2, Socs1, and Stat6) after 24 h post-injection with Invivofectamine 3.0 ( Figure 3O, p>0.05) . Ccl2, Il-10, and Il-6 levels were undetermined (UD) as they were deemed too low for the software to effectively quantify.
Clinical safety indicators post-injection:
After 24 h postinjection with Invivofectamine 3.0, OCT retinal ( Figure 4A , C) and fundus images ( Figure 4B , D) displayed no indication of retinal damage. There were no differences in the ONL thickness ratios taken from the superior region at 1 mm from the optic nerve (region of focal retinal damage in PD mice [32] ), quantified from the OCT retinal images, compared with control animals injected with PBS ( Figure 4E, p>0 .05). The ERG cone a-wave and b-wave responses displayed no statistically significant differences between the Invivofectamine 3.0-injected animals and the PBS control animals ( Figure  4F -H, p>0.05).
After 7 days post-injection, there was no difference in the ONL thickness ratios, again quantified from the OCT retinal images, between the Invivofectamine 3.0-injected and PBS control animals ( Figure 4I, p>0 .05). The same was seen with the 7-day post-injection ERG responses, with the cone a-wave and b-wave responses all showing no changes ( Figure 4J -L, p>0.05), indicating no difference in ERG response between these treatment groups.
Gene knockdown efficiency:
We also compared the efficacy of Invivofectamine 3.0 with another commercially available lipid-based transfection reagent, in vivo-jetPEI ® (Polyplus transfection), demonstrating that Invivofectamine 3.0 had a greater knockdown capability at the earliest time point as Gapdh siRNA encapsulated at in vivo-jetPEI ® displayed no statistically significant difference from the control ( Figure  5A, p<0.05 ). However, the in vivo-jetPEI ® could deliver the siRNA only at a maximum concentration of 0.5 μg/μl as opposed to the 1 μg/μl allowed for Invivofectamine 3.0. To test the duration of the targeted gene knockdown following the intravitreal delivery of Gapdh siRNA, we analyzed retinal gene expression at 1, 3, 5, and 7 days post-injection. A knockdown of Gapdh, when carried by Invivofectamine 3.0, was evident for up to 3 days post-injection, with 5 and 7 days post-injection showing no statistically significant knockdown compared to the PBS-injected controls ( Figure 5B, p<0.05) .
SiRNAs for Il-1β and C3, two major contributors to inflammation in the retina [37, 38] , were used to further test gene knockdown under stressed conditions induced by PD. Il-1β siRNA injection with Invivofectamine 3.0 showed a statistically significant knockdown of Il-1β by approximately 900% at 48 h post-injection when compared to the negative siRNA controls ( Figure 5B, p<0 .05). Injection with C3 siRNA encapsulated with Invivofectamine 3.0 also resulted in statistically significant knockdown of C3 for 4 days post-injection when compared to the animals injected with negative siRNA controls following PD ( Figure 5C, p<0.05) . the retina. The negative control showed low levels of fluorescence with only background autofluorescent staining visible in the outer segments ( Figure 6A, B ). An intravitreal injection with fluorescent Block-It led to fluorescence dispersed throughout all layers of the retina with the strongest amounts of fluorescent staining visualized in the central retina from the stitched whole retinal images ( Figure 6C ). Strong fluorescent staining could be seen throughout the GCL, INL, and ONL. In some instances, whole ganglion cells, bipolar cells, and photoreceptors were transfected ( Figure 6D , indicated by the arrows).
Retinal location of
Quantitative analysis of the fluorescence seen postinjection revealed a statistically significant increase in the fluorescence intensity of the Block-It siRNA when compared to negative siRNA-injected retinas when measuring all retinal layers from the OLM to the ILM (Figure 6E, p<0 .05). The GCL, INL, and ONL all individually showed statistically significant increases in fluorescent staining in animals injected with Block-It siRNA when compared to negative controls ( Figure 6F, p<0 .05).
DISCUSSION
Delivery of nucleic acids into the retina will enable a greater understanding of the mechanisms behind normal retinal function, paving the way for novel therapeutics and treatment strategies, not only for retinal disorders but also other neurodegenerative diseases. In this study, we demonstrated that the intravitreal delivery of Invivofectamine 3.0 provides a reliable and safe transfection method of siRNA into all layers of the retina. First, we found that injection with Invivofectamine 3.0 results in no signs of increased immunogenicity, general stress, or cell death. Second, we found no statistically significant changes in retinal function or morphology after intravitreal administration of Invivofectamine 3.0 up to 1 week postinjection. Third, we found that Invivofectamine 3.0 penetrates the inner retina and the outer retina, providing up to 3-4 days of statistically significant, targeted gene knockdown from a single injection. Taken together, we demonstrated the use of Invivofectamine 3.0 is a quick and efficient method for studying the effects of nucleic acid delivery globally in the retina.
One of the primary issues with gene delivery vehicles is the ability for transfection into the relevant cell type, let alone the retina itself [39] . Non-viral and viral systems have had trouble with efficient penetration into the inner and outer retinal layers in vivo. The method of gene vector delivery into the eye plays a role in this, due to the many layers of the retina and the differing efficiencies of transfection into those layers. The two primary injection techniques for retinal transfection are subretinal and intravitreal injections. Although subretinal injections are efficient in transfecting the two cell types (photoreceptors and RPE) that contribute to many retinal degenerations, they are technically challenging and invasive by nature, with evidence of foveal thinning, macular holes, choroidal effusions, and ocular hypo-and hypertension [40] [41] [42] .
Intravitreal injection for gene vector administration, however, is less invasive as it allows for the broad distribution of vectors throughout the retina. Adverse effects associated with intravitreal injections are perceived to be short-term, with retinal detachment, endophthalmitis, and vitreous hemorrhaging all noted as possible complications [11, 12, 14] . Using the proposed method, Invivofectamine 3.0 can transfect the GCL, INL, and ONL of the retina through intravitreal injections, with all three layers showing significant transfection of siRNA when carried by Invivofectamine 3.0. There was evidence of whole cells being transfected in these three layers, with cells in all of these layers being clearly labeled. The fluorescence depicted in the figure had dissipated within 24 h, at which point visualization and imaging of the fluorescence were no longer possible. This could be due to leaching of the fluorescent tag. Increasing the nucleic acid dose is an immediate way in which the longevity may be maximized. Additionally, the size of the eye must be taken into account due to the volume of vitreous humor for intravitreal injections. Concentrations must be adjusted accordingly, and we found that successful transfection in the mouse eye requires a larger relative nucleic concentration for its size. However, we are confident with the gene expression knockdown results of up to 3-4 days, and therefore, the quick half-life of the fluorescent tag in the retina was not a major concern.
Successful gene therapies require safe and effective delivery systems, with minimal side effects. When comparing the two broad classes of delivery systems currently available (viral and non-viral), non-viral systems appear to be more easily produced, less toxic, and less immunogenic [23, 24, 43, 44] . In this study, we showed that Invivofectamine 3.0 has low levels of immunogenicity or acute toxicity in the retina, allowing for the potential of repeated administration, which is limited using viral vectors [43] . Furthermore, using two clinical methods of analysis, we demonstrated no loss of retinal function using ERG, while OCT showed normal morphology, following Invivofectamine 3.0 transfection.
One of the reported major drawbacks of non-viral, lipidbased delivery systems is that they are reported to be less effective than their viral counterparts, rarely accomplishing transgene expression at therapeutic levels [39, 45] . Various approaches have been used to improve this efficiency, including the use of nanocarriers [11, 14] . In the present study, we showed that Invivofectamine 3.0 can sustain targeted gene knockdown for up to 3-4 days using an siRNA for Gapdh, which is abundant in the retina. Additionally, with siRNAs for C3 and Il-1β, we demonstrated effective reduction of gene expression. C3 and Il-1β are key mediators of inflammation in retinal degeneration with peak C3 expression at 5-7 days of PD in mice [28, 32] and peak Il-1β expression at 24 h of PD in rats [28] . In comparison with another commercially available lipid-based formulation, in vivo-jetPEI, only 0.5 μg/ μl of siRNA could be encapsulated in a microinjection of 1 μl which is required for mouse eyes. This does not imply that siRNA at 1 μg/μl used with in vivo-jetPEI ® would not perform in the same manner; however, with limitations in the current formulation, this concentration is not possible. This demonstrates the packaging capability of Invivofectamine 3.0, and the maximum siRNA allowed for in the Invivofectamine 3.0 preparation demonstrated statistically significant gene knockdown capabilities when compared with in vivo-jetPEI ® .
The 3-4 day timeframe (Gapdh) may limit the suitability of Invivofectamine 3.0 for long-term use, but for future considerations, new strategies are needed to increase the efficacy of gene knockdown and the longevity of delivery, both key aspects of therapeutic gene delivery. To increase knockdown time, heavier modification of the nucleic acids themselves could be beneficial. For the formulation, increasing the proportion of pegylated lipids results in a longer retention time in the blood, but it has not been tested in an ocular model, and may result in a loss of efficacy. Although currently not as effective long-term as viral-based approaches, lipid-based transfection is useful for proof-of-principle studies, and has been demonstrated to be effective in models of focal retinal degeneration [28, 46, 47] . Additionally, with the advent of lipid-based topical vehicles that can reach the posterior part of the eye, such as myriocin [13] , the ease with which we can study gene silencing effects in the retina may be even more improved in the near future.
Although we demonstrated successful transfection of the siRNA:Invivofectamine 3.0 complex through to the inner retina, an important distinction is that this approach does not provide for targeting of a particular retinal cell type leading to potential pan-retinal knockdown involving multiple cell types. Viral vectors can be adapted to target uptake by a specified cell type [48] [49] [50] . Similar approaches could be harnessed for non-viral vectors through the intrinsic design of the chemical vectors [39, 51] . A previous study showed successful targeted delivery of DNA and siRNA tumor cells due to chemical modifications of the lipid-based delivery agent to contain specific antibodies that mediate this recognition [52] . To our knowledge, this has yet to be achieved in the retina.
The results of this study indicated that Invivofectamine 3.0 is an effective tool for expediting gene function studies and identifying possible therapeutics in the neural retina. We demonstrated that a single injection of this lipid-based transfection of siRNA was able to penetrate all layers of the rodent retina and allowed for up to 3-4 days of targeted gene knockdown. If the longevity of the gene knockdown can be increased further, lipid-based transfection may be considered a time-effective alternative to viral-based strategies for ocular gene expression studies.
APPENDIX 1. INFLAMMATORY PROFILE OF INVIVOFECTAMINE FORMULATIONS.
To access the data, click or select the words "Appendix 1." (A-J) The IBA1 profile following the delivery of various Invivofectamine formulations was visualized with an increase in amoeboid, activated microglia present in Invivofectamine 
